GEOLOGIC COLUMN AND UNIT DESCRIPTION
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Quaternary basalt
bs: platesu bhasali;
hickness 150 - 300 m

Clay, sand and gravel;

Piluvium thickness less than 50 m

Shale, sandstone, gravel
and bentonite; thickness
100 to 200 m
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Heogene basalt Iﬂld Doleritic basalt; thickneas
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more then 100 m

Olivine basalt and oliviﬁe
dolerite; thickness more
than 130 m

Paleogene basalt
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Biotite granite, two-mica
granite, hornblende
granite and aplite

Upper pert (Cretaceous): tuff,
sandstone, shale and coal;
thickness more than 50 m

Jurassic-Cretaceous formation

= Iower part (Jurassie): shale,
: bentonite, sendstone and coal;
thickness more then 20 m

Basaltic andesite and biotite
andesite; thickness 100 to
200 m

Jurassic andesite
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Diorite porphyry, andesite porphyry,
propylite, disbase, dolerite, vol-
canic breccia and tuff; thickness
100 to 500 m
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Jurassic voleanic ccmplex s
{Greenstone complex)

Diorite 3 Hornblende diorite

YAl TV
/\/I\ ’\,\
AN, \‘\-\;\_.
"’I\/\ \\l
’\/ l_ ,ll
AR
=
,\-—\f\/\/

Bilctite granite, hornblende
granite, two-mlcs granite,
leucocratic granite and
gneissose granite

Pre-Jurasgsic granite

Biotite orthogneiss, hornblende
orthogneiss, muscovite orthogneiss
and sericite-hlotite-orthognelss

Granite gneiss

PAVAVAVAVAVAVAVAVAVIN it U XA DO i 5 W AVAVAVAVAVAV VAV

EER=Eeefds Hornfels-like slate; thickness
iR sbout 300 m

Quartzite; thickness 300 to
500 m

RELATTION UNKNOWN

Quartz schist or paragneiss;

Crystalline achist thickness unknown

(Column not drawn)
to scale

terrace remnants. It consists of sand, clay, and gravel that contains pebbles, 0.8 to 9 cm in diameter, of quartzite, slate, guartz
vorphyry, biotite andesite, rhyolite, basalt, and also abundant agate and chalcedony pebbles derived from basalt. A drillhole st Nen-
ch'eng [# #] revealed the followlng sequence in descending order: - black soil (1.2 m), sand and gravel (8.2 m), gravel (1.2 m) and the
Pleistocene deposits. The ground water level in the flood plains is generally shallow and the water is poor in quality due to permeation
of river water.

The Quaternary basalt includes plateau basalt. (b,) and lava cone basalt {by-c) which are in effusive contack.
stitutes volcancs along the K'o-lo Ho and the ¥#n Ho. There are Tive volZanos im the K'o-lo Ho district:
sea level), Hsimo-i Shan (/AW , 374 m), Ta-1 Shan {A# W, 443 m),
is a black dense olivine basslt that erupted in the Recent age. The basalt on the north slope of Nen Shan is & dark gray scoriaceous or
ropy lava. The platean basalt occurs chiefly in the eastern part of the map area. Tt is black or pitch-bleck; when fresh it is hard,
compact and porous, containing visible olivine phenocrysts; is holocrystalline to holohyaline, showing an intersertal or radial texture.
It erupted intermittently during the Pleistocene and Recent epochs. .

The lava cone basalt con-
Nan Shan (® &t 449 m above
T'uan-tzu Shan ( B F W, 488 m) and Hei Shan { Zw, Sk m). The rock

Diluvium, consisting of clsy, sand and gravel, rests on terraces 30 to 50 m in relative height. The pebbles of gravel are rhyolite,

. quartzite and agate, 0.8 to 9 cm in dlameter. The thickness of the dlluvial deposits ranges between O m and 50 m. A driilhole at Nen-
ch'eng showed the following sequence in descending order; clay (5.4 m), fine sand (I m), elay (2.1 m), fine sand {1.2 m), clay (8.2 nm),
cley and fine sand (2.7 m), clay, sand and gravel (5.1 m) and clay (14 m), toteling 42.7 m thick. The ground water level lles at.s
relatively deep horizon, and four aguifers were found by drilling intc the Pleistocene and Neogene deposits, but the quality of water is
inferior due to iron and manganese.

The Neogene formation consists of cleyey shale, soft sandstone, gravel and bventonite. Iithologically the formation is difficult to dis-
tinguish from Diluvium, but the former is somewhat more consolidated than the latter. The Neogene formation in the upper reaches of the
Nen Chiang was dissected, resulting in narrow gorges and high terraces 100 m above the river bed. The formetion is overlain by the
Pleistocene basalt (b ) and Diluvium (Qdg) =nd res%s upon the pre-Jurassic granite (g Y. Hence, it may be correlated-with the continental
Pliocene formation beyond the Amur River or with the Upper Talai series [k B2 # M B near Cha-lai-noru (1L ¥ &% B] in the western frontier.

The Neogene baselt in the hills east of Ho-lung-men (R #k M) is a dark gray to brown, coarse, holoerystalline doleritic basalt. Unlike the
Pleistocene basalt on the scuth, the rock has neo visible clivine phenoerysts but contains microerystals of augite and clivine in the
groundmass. -

The Paleogene basalt exposed in the western half of the map area forms a large gently undulsting lava plateau.
also in the hills between the Lu-men Ho (R @ 1] and the K'c-lo Ho. The basalt 1s dark gray to black, and variable in texture, scme
being very porous and other dense, hard and vitreous. The rock nesr Mei-yao-tien (4 € J£] consists of three flows: in descending order,
veslcular medium-grained basalt more than 20 m thick, fine-grained chalecedony-bearing basalt 50 to 70 m thick, and non-porous olivine
dolerite 40 m thick. The basalt rests on the Jurassic Cretaceous formation (Mjk) near Mei-yao-tien and Pai-ken-1i [i& & B), on the
rhyolite (rh} 20 to 30 lm northwest of Nen-ch' eng, and on the Jurassic-Cretaceous formation and tke Jurassic andesite (Mja) near I-tzu-hen
[#%& # M1, and is overlain by the Diluvium (Qdg) near Ta-ch'ing Shen {X # ] and by the Quaternary basalt (b,) nesr Dosuko-sen and Ch'lan-
p'ao (B 2] . 'The basalt is cut on the northwest by & northeast-trending fault which runs through Ying-shen
ous granite block to the southeast during the pre-Miocene epcch.

It is sporadically found

Hence, the basalt erupted probably in the pre-0ligocene epoch.

The Cretacecus rhyolite in the hills east of Nen-ch'eng consists of white to light brown rhyolite containing megascoplc quartz phénocrysts,
accompanied by tuff and breccia. It rests on the Jurassic-Cretacecus formation, the Jurassic andesite, pre-Jurassic diorite (a) ana
granite (gp), and is overlain by the Diluvium and the Paleogene basalt.

The Cretaceous granite, occurring ss lacccliths and batholiths, is characterized by tabular joints, friable texture and more or less
porphyritic structure. The rock near Hu-ti-ch'i (#i # R] 1Is porphyritic coarse-grained biotite granite in association with two-mica
granite, horablende granite and aplite.

The Jurassic-Cretaceous formation, disconformably underlain by the Jurassic andesite (Mja) is sporadically exposed as follows: (1) The
formation between the Im-men Ho and the K'o-lo Ho consists of tuff, sandstone, agglomeratic sandstone, shale and thin coel seams. The
shale neer Nan-pei-ken-1i [# # 48 B)] ylelds Estheria sp. of Lower Cretaceous age. (2) The formation near Mei-yszo-tien in the Kan-ho
coal fleld reveals the following sequence in descending order: green platy tuffacecus shale {11 m), black shale interbedded with three
thin layers of bentonite (1 m), & coal sesm (2 m), and gray conglomerstic sandstone (B m) resting on augite endesite bedrock. The black
shale yields plant fossils such as Pityorhyllum lindstroemi Nath. {3) The formation near I-tzu-han consists of greenish gray tuff,
agglomeratic sandstone, platy shale and a thin coal seam. The platy shale 1.5 km south of I-tzu-han ylelds plant fossils such as
Czekesnowskis riglda Heer {Iate Jurassic), Pityoprhyllum lindstroemi Nath. (Iate Jurasssic), P. nordenskijordi Heer (Jurassic-Cretaceous)
and Podozamites lanceolatus L. H. {Mesozoic). ({4} The formation near Pa-yen-chieh [& Z 4#i] consists of dark gray shele, light gray
tuffaceous seandstone and a thin coal seam, and yields silicified wecod. The formetion near Mei-yac-~tien, I-tzu-han snd Pa-yen-chieh was
assigned to the Upper Cretaceous by Chinese geologists in 1929 on the basis of fossils such as Cephalotaxopsis sp., Zamites sp. snd
Czekanowskia sp. However, H. 0ZAKI (1934) revised the age to Upper Jurassic.

The Jurassic andesite (Mja) rests unconformably on the Jurassic volcanic complex {Mjv) near Ho-t'un [# &), on the pre~Jurassic granite
{go) near Wu-chia-tzu [E % ¥) and on the granite gneiss {ggn) near Nan-pai-ken-1i. (1) The rock near Mei-yao-tien is & basaltic augite
andesite coneisting of tabular plagioclase phenocrysts end graylsh blue groundmass, and the apparent thickness is 20 m. (2) The xock
near Liu-t'un [# €], 12 km northwest of Nen-ch'eng, is a biotite andesite consisting of oligoclase phenocrysts and gray cryptocrystalline
groundmass showing flow texture. (3) The rock near Ni-ch'in [E #1 1s a basaltlec cryptocrystalline andesite.

The Jurassic volecanic complex, previously known as greenstone complex or porphyrite, is exposed near K'ai-ho [¥l 3], near Ho-t'un, and in
the northwestern part of the mep area. It is a complicated assemblage of dark green intrusives and effusives, such as diorite porphyry,
andesite porphyry, propylite, diabase, dolerite, volcanic breccis and tuff. The complex near K'ai-ho is intruded by an andesite porphyry
dike which resulted in the fluorite ore deposits (refer to Economic Value).

Hornblende diorite is exposed near Wu-chie-tzu, 20 lm northwest of Nen-ch'eng, end near Hua-ma-t'ai [%& % &1 5 km east of I-tzu-han. It
is & marginal facies of the pre-Jurassic granite (82), and 1ts inftrusion mey have taken place a little later than that of the granite.

The pre-Jurassic granite is exposed in the eastern half of the map aree. The rock is generally light gray to pinkish gray and ccaerse-
grained, Tt includes biotite granite, hornblende granite and two-mica granite, consisting of feldsper, guertz and colored minerals.
The rock grades into gnelssose grenite in places, and is locally intruded by many gold-bearing gquartz veins. The rock 3 ¥m southeast of
Ch'g-ma-chieh [% % {1 1s s light brown medium-grained leucocratic grenite, consisting of gquertz, feldspar and a few mafic minerals.
Its southern marginal part abounds in quartz and grades into garnet-biotite orthogneiss.

Granite gneise is probably a marginel facies of the pre-Jurassic granite.
with hornblends orthogneiss and muscovite orthogneiss.
showing a distinct gneissose texture.

The rock near Liu-t'un is biotite orthogneiss, in association
The rock along the K'o-lo Ho and near Ho-lung-men is sericite-biotite orthogneiss
The rock neer Ta-ch'ing Shan is garnet-biotite orthogneiss.

The Paleozolc? (Sinian?} formation is exposed in the following two places: {1) The formation 2 km south of Ch's-ma-chieh consists chiefly
of guartzite 200 to 300 m thick, striking N 55° E and dipping 45° SE. (2) The formation 13 km west of Wu-chia-tzu consists chiefly of
dark gray hornfels-like slate 300 m thick which was contact-metemorphosed by the intrusion of the pre-Jurassic granite.

Crystaliine schist, consisting of quartz schist, is exposed only in the hills 3 to 8 km southeast of Ch'a-ma-chieh. The rock sbounds in

quartz, vhich suggests that it is probably s paragneiss derived from the nearby Paleczoic quartzite by the intrusion of the pre-Jurassic
granite.

® ] and thrust the Cretace--

deposits near Ho-lung-men.

Coal

(1) A coal seam in the old pit of the Kan-ho coal mine is 2 m thick, strikes N L4° E and dips 20° SE.

seams are found 1.5 km north of the old pit; the upper s

strike N 20° W and dip 36° W. Analytical resulte of the coal follows:

fixed cerbon, 42,28%; ash, 17.10%; sulphur, 0.189%; and

S CRIPTTION E oMIC VALUE
AQE ROCK UNIT WHERE KNOWN U N IT D = cCovNn I
The surface soil, coyering the Recent flood plains and the Pleistocene terraces, is 0.5 to 2 m thick and is composed of "tschernosem” and
N "leached tschernosem", according to HIRAT {1935). Tschernosem 1s fertile black muck, and leached tachernocsem consists of black mck,
fine-grained sand and loam, and is also Tit for agriculture. !
Sand, clay and gravel; : : N £ e i Gold
Altuvium thickness less than Alluvium is widely distributed in the drainage basins of the Nen Chiang [# :z], the Kan Ho [# #] and the K'o-lo Ho [# % 1, covering low “Placer gold derived from the gold-bearing quartz veins intruding the pre-Jurassic granite is found in the Recent

Two coal
eam is 1.5 m thick and the lower is 0.85 m thick; both
0, 8.00%; volatile matter, 31.62%;
the calorific value is 5,389 cal. The probablie coal

reserves as of 1943 were estimated by H. OZAKI (1953) at 1,600,000 tons and possible reserves were estimated at

6,500,000 tons.

(2} A coal seam interbedded in tuffacecus sandstone near Pa-yen-chieh is 0.9 m thick.

Analytical velues are:

Hz0, 12.11%; volatile matter, 43.73%; fixed carbon, 27.2l%; ash, 16.92%; sulphur, O. 63%, and celorific value

4,828 cal.

(3) Thin coel seams nesr I-tzu-han and Chien Shan were formerly worked.

and reserves.

Fire clay
Tuffaceous fire clay, derived from the Jura551c andesite
used by local Chinese for pottery.

Flucrite

The coal 1s inferior in both quality

3y is found in a hill 9 km north of I-tzu-han. It is

A fluorite-bearing quartz vein in an andesite porphyry dike penetrating the Jurassic voleanic complex is found

in a hill 1 km northwest of K'ai-ho along the Nen Chiang
20 m long and 10 cm to 2 m wide.

oceurs as purple, green or white transperent crystals.
cultly separable from the latter. Accoréding to H. SATO
a workeble length of 10 m, and a specific gravity of 3.
surface to s level 20 m deep were estimsted st 600 tons,
at 1,500 tons. .

« The vein strikes E, dips N steeply or vertically, is

The hanging wall side of the veln is silicified and consists of impregnated
fluorite, and the foot wall side, 0.8 m to 1.1 m wide, consists essentially of pure fluorite.

The fluorite

It is locally banded with the vein quartz and is diffi-
{1936), the ore deposit is 1 m wide on an average, with
The probable minersl reserves of crude ore from the

and from the surface to a level 50 m deep were estimated
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